Jap. Heart J. J anuary, 1971 coarctation of the aorta because of several similarities between these 2 conditions in regard to the sex and age distribution, the laboratory data, aortographic features and pathological findings. In other words, "aortitis syndrome" includes wide varieties of manifestations which are caused by inflammatory lesions of unknown etiology involving the aorta and its major branches.
The etiology of aortitis syndrome has been subject of controversy, but the most widely held opinion is that a certain immune process is working. Previous studies have emphasized some immunological characteristics of this disease: that is, (1) significantly accelerated erythrocyte sedimentation rate, (2) abnormal serum electrophoretic pattern (elevated gamma-globulin and alpha-2-globulin, and decreased albumin), (3) serologic abnormalities such as found in CRP, ASLO and Rose tests, (4) occasional coexistence of collagen disease with this disease, (5) similarities between aortitis syndrome and rheumatic or rheumatoid aortitis, and (6) the significant or lasting benefit from treatment with corticosteroids. However, these characteristics are not the decisive proofs of the immunologic etiology of aortitis syndrome.
As already reported in 1964,11),12) the authors demonstrated high titer of anti-aorta antibody in the sera from patients with aortitis syndrome by the complement fixation test using human and dog aorta as the antigen and the direct method of fluorescent antibody technique. Specific fluorescence11), 13) was present in the media (especially adventitial side) and adventitia in a reticular or homogenous form surrounded by the elastic fibers. In 1968, experimental aortitis, 14) pathologically similar, in a part, with aortitis syndrome, could be produced in our laboratory by iso-immunization and hetero-immunization using rabbits.
It is the purpose of the present paper to report the results of further immunological studies which analysed the presence of aorta antigen corresponding to anti-aorta antibody in the sera of patients with aortitis syndrome, and to elucidate the relation between the initiating or trigger mechanism of this disease and streptococcal infection.
MATERIALS AND METHODS (A) The detection of anti-aorta antibodies
The methods used were complement fixation test, hemagglutination reaction with tanned red cells, precipitation reaction, and fluorescent antibody technique.
(1) Preparation of aorta antigen and sera The antigen was made from human and dog aorta as reported previously. Sufficient quantity of the aorta was diluted by buffered normal saline 5 times in W/V, ground in a homogenizer, filtered, centrifuged, and the supernatant extract was stored at -20 in dry sterile tubes.
(2) Complement fixation test Including the cases previously reported, the sera obtained from 34 patients with aortitis syndrome and 154 with other diseases were examined for the presence of anti-aorta antibody using complement fixation test. The method was based essentially on procedures reported by Ogata. Supernatant of the aortic tissue homogenates was diluted with saline solution to the final concentration of 1:20 of the original tissue weight.
(3) Tannic acid hemagglutination technique This was performed according to the modified method of Boyden between the sera of the patients and the aortic tissue extract. The sera were obtained from 19 cases of aortitis syndrome and 9 of other diseases. Moreover, analyses were made on the relationship of the titer of complement fixing anti-aorta antibody to that of anti-aorta antibody by tannic acid hemagglutination reaction.
(4) Precipitation reaction Precipitation reaction against human and dog aorta extracts was examined by the Ouchterlony procedure on the sera obtained from 26 cases of aortitis syndrome and 15 of other diseases. Supernatant of the homogenates of fresh human and dog aortas stored at -20, which was already diluted to 5 volumes with saline, was used as antigen in the central well, and the inactivated sera of each patient were dropped in the peripheral wells of agar gel plates. Observation was carried out for 7 days to detect precipitating activity.
(5) Fluorescent antibody technique Patients' serum obtained from a case of aortitis syndrome (24-year-old male) were examined by the direct fluorescent antibody, using the pathological lesion of left subclavian artery obtained from the same patient at the surgical operation as an antigen.
(B) Change in the antigenicity of the aorta homogenate treated with collagenase
The method was used on procedures described by Hasseler et al. 15 ) Collagenase in an amount of 2.0, 1.0, 0.5, 0.25, 0.125 and 0.1 mg, was added for each 250 mg. of the aorta homogenates which had been brought to pH 7.4 at 37 for 18 hours (Fig. 1) . The titers of anti-aorta antibody of the same serum against non-treated aorta antigen and collagenase-treated aorta antigen were compared. The methods used were complement fixation test for the sera from 16 patients with aortitis syndrome and tannic acid hemagglutination test for the sera from 14 patients with aortitis syndrome. (E) Serum creatinine phosphokinase (CPK) Quantitative analysis of serum CPK was performed on the sera obtained from 9 cases of aortitis syndrome and 41 of other diseases, using "Kit" of Sigma Chemical Co.
(F) Streptococcal type-specific antibody A certain relationship between aortitis syndrome and streptococcal infection has been suspected from many standpoints of view, but the problem is not yet resolved. Therefore, the authors felt it worthwhile to investigate this relationship serologically as a part of the immunological studies regarding the etiology of aortitis syndrome.
Boyden's tannic acid hemagglutination technique as modified by Kumagai17) was used to study streptococcal type-specific antibodies in 42 of 48 Lancefield's types. These antibodies were investigated on the sera of 14 patients with aortitis syndrome. As shown in Fig. 2 , for the purpose of production of crude antigens for sensitization of red blood cells in hemagglutination, 42 Lancefield's type (types 1-6, 8-15, 17-19, 22-44, 46 , and 47) of group A hemolytic streptococci were cultured in Todd-Hewitt media extracted by acid, stored in refrigirator at -20, and resolved when necessary. Moreover, it was investigated whether the titers of the type-specific antibodies might be correlated with those of anti-aorta antibody and other laboratory findings such as blood sedimentation rate, CRP, ASLO, and etc., or not. Fig. 3 . The titer of anti-aorta antibody was 1:10 or higher in 21 (61.8%) of 34 patients with aortitis syndrome, but in only 17 (11.0%) out of 154 with other diseases. Significantly high titer (1:20 or higher) was revealed in the sera of 14 cases with aortitis syndrome (41.2%), but in 10 cases with other diseases (6.5%).
The detailed results were as follows. 1) Other vascular diseases (12 cases): Five cases gave positive complement fixation test (1:10 or higher titer). These cases consisted of a case of renal arterial narrowing due to localized inflammation (1:40), a case of aortic arch syndrome due to atherosclerosis, a case of middle cerebral arterial occlusion of unknown cause (both 1:20), a case of congenital coarctation of the aorta, and a case of renal arterial narrowing due to advanced fibromuscular hyperplasia (both 1:10).
2) Heart disease (24 cases):
The complement fixation titer was 1:20 in a case of patent ductus arteriosus complicated by subacute bacterial endoarteritis and in a case of congestive heart failure due to aortic regurgitation presumably of syphilitic origin associated with diabetes millitus.
3) Essential hypertension (17 cases): An increased titer (1:10) of antibody was detected in 1 case, which had severe arteriosclerosis with renal disturbance.
4) Collagen disease (23 cases):
A high titer of anti-aorta antibody was found in 7 cases, which consisted of a case of systemic lupus erythematosus, a case of polyarteritis nodosa (1:40) , a case of Behcet's syndrome, a case of scleroderma (1:20) , and 3 cases of systemic lupus erythematosus (1:10).
5) Renal disease (13 cases), liver disease (14 cases), pulmonary disease (9 cases), endocrine disease (8 cases), disease of nervous system (5 cases), blood disease (9 cases), disease of alimentary tracts (8 cases) , and other diseases (8 cases). A high titer of antibody was detected from none of these groups except 2, consisting of a case of serum hepatitis and a case of suspected syphilis of vascular system. UEDA, SAITO, ITO, YAMAGUCHI, TAKEDA, AND MOROOKA Jap. Heart J. The technique using direct method showed that the sera of the patients with aortitis syndrome contained anti-aorta antibody in relation to affected subclavian artery. The immunofluorescence was present in the media and adventitia, and especially located in the area of cell infiltration, fragmented elastic fiber and proliferation of collagen fiber. The elastic fiber itself exhibited brilliant and non-specific auto-fluorescence.
Labelled gamma globulin of the same patient stained preparation of normal aorta but staining titer amounted to 8, in contrast to 64 for the pathological lesion.
B) The antigenicity of the aorta homogenate treated with collagenase (Table I and II) When added amount of collagenase was 0.25mg. for 250mg. of the aorta, the titer of complement fixation antibody was significantly decreased in 5 and slightly decreased in 8 out of 16 cases with aortitis syndrome. By the tannic acid hemagglutination technique, the titer was significantly decreased in 7 and slightly decreased in 4 out of 14 cases with aortitis syndrome. When collagenase was added in an amount of 0.5mg. or more, it casused a more marked decrease in the titer, but anti-complementary activity was not infrequently observed. On the other hand, when amount of the enzyme was below 0.25mg., there was no tendency to decrease the titer. No (D) Serum complement (Fig. 9 ) CH50 value was almost within the noraml limits in 12 patients with aortitis syndrome. In other diseases, remarkably low value was noted in 3 of renal disease and 4 of liver disease, and significantly high value was observed each in 1 case of liver disease and blood disease.
(E) Serum creatinine phosphokinase (CPK) (Fig. 10) The value of serum CPK was in the normal range in 12 cases with aortitis syndrome. In other diseases, each average value showed 12.0 units/ml. in 4 of angina pectoris, 85.5 units/ml. in 14 of myocardial infarction, 183.8 units/ml. in 6 of progressive muscular dystrophy, 178 units/ml. in 1 case of dermatomyositis, and 30 units/ml. in 1 case of necrotizing arteritis. These values were beyond the normal level. The average value in 14 normal adults was 5.1 units/ml. The CPK value in cases with aortitis syndrome did not correlate with blood sedimentation rate, CRP and anti-aorta antibody.
(F) Streptococcal type-specific antibody (Table III) The sera from 4 of 14 patients with aortitis syndrome had significantly high titers (1:384 or above) in 2 or more serological types, and the sera from additional 2 cases in 1 type. Serological types in which these 6 (43%) sera of patients with aortitis syndrome revealed high titers were types 1, 3, 6, 10, 12, 30, and 40.
Neither the number of these types with high titers nor the value of the titer had correlation with erythrocyte sedimentation rate, CRP, ASLO, and anti-aorta antibody.
DISCUSSION
Important evidences which suggest a causal role of auto-immune mechanisms in aortitis syndrome have been obtained by some authors. Judge et al.18) referred to the possibility of a relationship between the etiology of this disease and an autoimmunopathy directed against vascular elastin accompanied with local hemodynamic stress. Mackay and Burnet19) suggested that this disease might be 1 of the immune diseases. Since then , several authors20) have insisted that an immunological mechanism is in operation in aortitis syndrome.
An autoimmune mechanism has also been postulated for allergic phenomena such as Arthus phenomenon, serum disease and subcutaneous an-Jap. Heart J. January, 1971 aphylaxis, and for other forms of vasculitis, which consisted of systemic lupus erythematosus, periarteritis nodosa, idiopathic thrombocytopenic purpura, thromboangitis obliterans, hypertension and other vascular diseases. For example, Yamaguchi and Komiya (1964) 21 ) demonstrated the presence of antibodies against antigen from the aorta in the sera of 5 out of 6 cases with systemic lupus erythematosus. Stefanini and Mednicoff (1954) 22) found that with human aorta, sera gave positive precipitation in 6 out of 8 cases of anaphylactoid purpura and 3 out of 4 cases of periarteritis nodosa. Pokonrny and Jescova (1962)23) also demonstrated a high incidence (51%) of antibodies against blood vessel wall in 145 patients with thromboangitis obliterans. Koroskenyi (1961)24) described the combination of human aortic or arterial antigenautoantibody in 60 (49%) out of 122 cases of hypertension with complement consumption test. But, in regard to these diseases it has been not possible to determine what is the initiating process of these diseases, whether the increased titer of anti-aorta antibody (or anti-vessel antibody) might be solely the result of a process caused by antigen-antibody reaction in the blood vessel wall, or whether the antibody is the true causal agent, or it is one of the factors influencing the pathological process.
The authors applied complement fixation test and other immunological methods to the sera of the patients with aortitis syndrome. 11)-13) The anti-aorta antibody was demonstared in high frequency and in high titer; the location of antigen-antibody reaction was investigated by the fluorescent antibody technique; and experimental aortitis14) could be produced in animals as reported previously.
The present paper describes the further immunological studies, which included analysis of anti-aorta antibody and aorta-antigen corresponding with this antibody, and elucidation of the trigger mechanism of the development of aortitis syndrome.
At first, by the complement fixation test, the previously reported res ults11),12) were reaffirmed. The most sera of patients with aortitis syndrome had significantly higher titers and higher incidence of the anti-aorta antibody. tanned red blood cells in 7 out of 9 cases of aortitis syndrome using the antigen of outer layer of the aorta and pulmonary artery. There was no correlation between the titers of anti-aorta antibodies by the complement fixation test and those by the hemagglutination reaction. It may be concluded that these 2 antibodies are quite different. Anti-aorta precipitin was detected from none of 26 cases of aortitis syndrome and 15 of other diseases.
The high incidence of anti-aorta antibody demonstrated by both complement fixation test and hemagglutination reaction, and its high titer in patients with aortitis syndrome is noteworthy. However, from these observations it is not possible to determine whether antigen-antibody reaction is the cause or the results of aortitis syndrome.
Anti-aorta antibody was detected in the sera from the patients with aortitis syndrome by the direct fluorescent antibody technique. Both normal and pathological aorta antigens were present in the media (especially adventitial side) and adventitia in a reticular form, surrounded by the elastic fibers. In addition, the immunofluorescence was found more strongly in the areas of cell infiltration, fragmented elastic fiber and proliferation of collagen fiber, when using the affected artery. The elastic fiber gave itself in the form of white waved and non-specific autofluorescence. Staining titer of the specific fluorescence for the affected artery was significantly higher than that for the intact aorta. These facts suggest the presence of anti-aorta antibodies with qualitative or quantitative difference. Two postulations can be thought that there are 2 qualitatively different antibodies including antibody against normal aorta constituents and antibody against aorta antigen-antibody complex (so called immune complex), or 2 quantitatively different antibodies against the partially common antigen between the constituents of normal aorta and those of pathological (affected) aorta. The former postulation seems to be more probable, and it indicates the presence of 2 different antigens consisting of normal aorta and involved or modified aorta.
According to Sano and Saito (1966) ,28) fluorescent antibody technique using direct method showed that sera of the patients of pulseless disease contained autoantibody against the affected carotid arteries involved by panarteritis of the pulseless disease, and that the antigencity was located in cell infiltrated area of the outer layer of the media and the adventitia. These authors did not detect any antibodies against normal aorta in patients' sera with pulseless disease by the complement fixation test and the precipitation test. It is suggested that the auto-antibody might be produced only against the affected (not normal) area of the artery of the patients with aortitis syndrome, and the antibody is the result of the development of this disease. The discre-Jap. Heart J. J anuary, 1971 pancy between the authors' findings and those of Sano and Saito may be due to the difference in activity or type of lession of the disease, or technical reasons. Further studies are necessary for this problem, though several reports with the presence of antigenicity of aorta and artery have so far been published. Antigenic substance in the aorta was partly identified using aorta treated with collagenase. In most cases the titer of anti-aorta antibody with collagenase-treated aorta was decreased, comparing with that without addition of collagenase. It may be speculated that one of antigenic aortic constituents with particular reference to specific antigen-antibody reaction in the development of aortitis syndrome is collagen fiber or smooth muscle fiber, proper to arterial vessel. The speculation is not inconsistent with the immunofluorescent findings.
From the quantitative analysis of 3 types (M, A and G) of serum immunoglobulins, there was no correlation among the three and no relationship between the levels of these immunoglobulins and the presence of antiaorta antibody, suggesting antigenic mutiplicity of aortic tissue constituents. Yoshitoshi et al. (1968) 25) in the study of 13 cases with aortitis syndrome, found an increase in G, A and M in 3, 4 and 8 cases, respectively, and no correlation among the 3 immunoglobulins. Nakao et al. (1966) 30) also reported that an increase in serum G level was found in all 7 cases with this disease. Further studies should be done for the mechanism of increased immunoglobulin and the elucidation of the fraction of immunoglobulin to which anti-aorta antibody mainly belongs.
Serum complement levels were within the normal limits in all cases of aortitis syndrome studied.
Increased activity of serum CPK which may indicate the destruction of vascular smooth muscle was detected in none of the cases of aortitis syndrome studied. Several literatures, dealing with activity of serum CPK in aortic disease, referred mainly to the cases of dessecting aneurysm of the aorta. In general, an increased value of CPK31) is considered to be due to necrosis of vascular smooth muscular tissue or circulatory insufficiency of the aorta. In fact, one of our cases (necrotizing arteritis) showed slightly increased CPK. On the other hand, in aortitis syndrome affecting broad vascular area, the release of CPK from the lesion into blood stream was previously postulated, but it was denied. As Kirk reported,32) the normal aorta wall contained average amounts of 0.098mm./Gm./h. creatinine. Therefore, the destruction of smooth muscle may be not so severe in aortitis syndrome.
The last study in this paper was directed to the elucidation of the initiating or trigger mechanism of aortitis syndrome. The exact cause of aortitis syndrome is still obscure, and various etiological factors have been suggested: No. 1 syphilis, atherosclerosis, tuberculosis, Burger's disease, congenital abnormalities, collagen disease, giant cell (or temporal) arteritis, rheumatism, rheumatoid disease and autoimmunity. The analysis of past history and complication10), 33)-35) of aortitis syndrome not infrequently revealed the presence of various tuberculous diseases, glomerulonephlitis, rheumatic fever, rheumatoid arthritis, hepatitis and collagen disease. Moreover, the upper respiratory infections, such as tonsillitis and/or pharyngitis, were frequently antecdent to the development of this disease. Epidemiologically, this disease has overwhealmingly high incidence among young women in the Orient. Consequently, there has been a speculation concerning possible relationship between aortitis sydnrome and rheumatic or rheumatoid disease. Benson (1931) Fifteen of them were considered aortitis syndrome, because of a history of rheumatic disease or a "general long-standing disorder of the LE type" or because "an alternative etiology was unlikely" even without any history of these diseases. These cases were included in accordance with the concept that there are cases of mitral stenosis of rheumatic origin in spite of the absence of history of rheumatic fever. Three of the cases showed overt signs of rheumatoid arthritis, and 1 of them was of the juvenile type. Shrire and Anderson (1964)42) reported 3 cases with multiple arteritis resembling that of rheumatic disease. The incidence of features of "collagen disease" including rheumati c disease, in cases of aortitis syndrome in some of the reported series has been found to be between 2% and 62% by Falicov and Cooney (1964) . 43) An intimate causal relationship between streptococcal infection and rheumatic heart disease has been evidenced from many standpoints of view . Therefore, we tried to investigate the relationship between streptococcal infection and aortitis syndrome serologically. We have especially studied streptococcal type-specific antibody. anuary, 1971 Streptococcal type-specific antibody against the type-specific substance, which is called M-protein, is related to virulence and immunity and is therefore most important.
It was classified from type 1 to type 51 by Lancefield.44) In spite of its immunological importance, it has been rarely studied due to difficulty in its measurement.
Its measurement has involved biologic assay (such as bacteriostatic,45) bacteriocidal,46) mouse protection,47) and long chain reaction 48)) which has proved to be cumbersome and time-consuming. Crude antigen was used in the present investigation. Previous work by Nishimura49), 50) with this antigen has shown a titer of above 1:384 to be type specific. Lower titer may be non-specific.
Therefore, we are sure that this crude antigen is satisfactory for this type of work.
We used Boydens' tannic acid hemagglutination technique as modified by Kumagai17) to study streptococcal type-specific antibodies in the sera of 14 patients with aortitis syndrome.
Most sera from these patients showed significantly high titers in 2 or more types. Serological types that were found in high titers in the sera of patients with this disease were type 1, 3, 6, 10, 12, 30, and 40. These types were compatible with those which were found in high titers in the sera of patients with rheumatic fever and rheumatic heart disease in Japan.
Nishimura49)-51) et al. observed that such types in high titers were very rarely discovered in the sera of patients with other diseases or normal adult (Table IV) . Therefore, our studies affirm the possibility of close connection of initiating or trigger mechanism to antigen-antibody reaction in this disease with streptococcal infection. In general, ASLO titer begins to elevate 2 weeks after the streptococcal infection, reaches to maximum 4 or 5 weeks later, and gradually decreases thereafter, on the other hand, the titer of type-specific antibody increases later than ASLO titer does, and lasts for a long time. For example, Lancefield52) described a serum with high titer of this antibody during 32 years. It is natural that the titer of this type-specific antibody is not in pararell with erythrocyte sedimentation rate, CRP and ASLO, which indicate active or acute reaction.
Maekawa and Ishikawa (1966)53) reported that precipitation reaction against semi-purified M-proteins of types 1, 5, 6, and 12 of group A streptococci was examined by the Ouchterlony procedure on the sera obtained from 5 cases of "occlusive thromboaortopathy" (aortitis syndrome). Precipitation line was observed between all sera and type 1 alone. The difference of our study from theirs is in the method, the number of types of group A streptococci. Fig. 11 is a speculative figure concerning the mechanism of development of aortitis syndrome from the immunological viewpoint. In consequence of some infections such as streptococcal, tuberculous or others, antibodies against those infectious agents may be produced during a constant latent period. As mentioned previously, the antigen corresponding to the antibody in streptococcal infection is type-specific antigen which is called M-protein. The typespecific antibody may react the aorta and its main branches, or immune complex may be made from antigen-antibody reaction by re-infection, and these antibody and antigen-antibody complex may involve or modify the main arterial system by certain mechanism, presumably due to immunological affinity to the aorta. At the same time, it cannot be denied that there is any disposition, and it may also be supported by the striking predilection of aortitis syndrome for the female sex. The modified or affected arterial tissue may produce anti-aorta autoantibodies, a part of which may be released into blood stream. The main part of the aorta antigen corresponding to the anti-aorta antibody may be considered to be collagen. The circulating anti-aorta antibody may invade other areas of the main arterial system, perhaps through the vasa vasorum, and antigen-antibody reaction in the media and the adventitia of the aorta may result in the development of the similar lesion. Consequently, anti-aorta antibody or antibody against aortic antigen-antibody complex is recurrently produced.
After such recurrent production of antibody, active stage of aortitis syndrome may be established.
Suppression of antibody production against infectious agent or against aorta antigen with various procedures may inhibit such immunological mechanism so that aortitis syndrome becomes fixed or turns to be a non-active stage.
It is completely unknown why type-specific antibody might exclusively affect only aorta and its main branches, and what is the individual disposition. Further immunological studies should be done for these problems in the future. No. 1
